Abstract In a scenario of increasing life expectancy worldwide, it is mandatory to identify the characteristics of a healthy aging phenotype, including survival predictors, and to disentangle those related to environment/ lifestyle versus those related to familiarity/genetics. To this aim we comprehensively characterised a cohort of 1,160 Italian subjects of 90 years and over (90+, mean age 93 years; age range 90-106 years) followed for 6 years survival, belonging to 552 sib-ships (familiar longevity) recruited (2005)(2006)(2007)(2008) within the EU-funded GEHA project in three Italian geographic areas (Northern, Central and Southern Italy) different for urban/rural and socio-economical characteristics. On the whole, the following factors emerged as significant predictors of survival after 90 years of age: absence of cognitive impairment and physical disability, high hand grip strength scores and body mass index (BMI) values, "excellent/good" self-reported health, high haemoglobin and total cholesterol levels and low creatinine levels. These parameters, excluding BMI values, were also significantly associated within sib-ships, suggesting a strong familial/genetic component. Geographical micro-heterogeneity of survival predictors emerged, such as functional and physical status being more important in Southern than in Central and Northern Italy. In conclusion, we identified modifiable survival predictors related to specific domains, whose role and importance vary according to the geographic area considered and which can help in interpreting the genetic results obtained by the GEHA project, whose major aim is the comprehensive evaluation of phenotypic and genetic data.
Introduction
Human ageing and longevity are complex and multidetermined traits whose study has become a very hot topic in the last years, as a consequence of the actual demographic scenario, characterised by the increasing number of elderly people in Western countries, as well as in the demographic giants India and China. Due to the decreased mortality in people over 80 (Kannisto 1994a; Kannisto et al. 1994) , life expectancy dramatically increased in Europe (Vaupel 1997 (Vaupel , 2010 Leon 2011) since about 1950, leading to a progressive raise of the oldest old (i.e. octogenarians, nonagenarians and centenarians). Longevity is generally considered as the result of the combination of environmental factors, genetics (and epigenetics) and stochasticity, each making variable contributions to the overall phenotype (Cevenini et al. 2008) . It seems that about 25 % of the total variation in adult life spans can be attributed to genetic variation among individuals (Herskind et al. 1996) and another 20 to 30 % can be explained by the environment; in accordance with some scholars (Vaupel et al. 1998 ) non-genetic survival attributes might even be fixed for individuals by the time they are 30 years old. Finally, the whole process contains also an element of chance, i.e. stochasticity, as demonstrated in animal models by the wide variation of life span of genetically identical organisms even if reared in a constant environment. For example isogenic population of the nematode Caenorhabditis elegans showed a striking intrinsic variability of life span (from 8 to 32 days, depending on the strain) (Kirkwood et al. 2005) . Although the individual stochastic event is random, the distribution of the events in space and time is modulated by genetics and environment, so that the possibility of attaining longevity is not entirely random. With the passing of time, genetics likely gains importance to attain longevity and the interaction between genetics and environment increases (Cevenini et al. 2010) . Understanding the interplay between genetics, epigenetics, environment and stochasticity is one of the most interesting challenges in gerontological research. In this perspective, it is conceivable that longevity can be achieved by different combinations of these four components, that vary, quantitatively and qualitatively, in different geographic areas according to the population-specific gene pool, the socio-economic level and the peculiar habits and history of the population (De Benedictis and Franceschi 2006) . Thus, it can be predicted that no one of these factors per sè is either necessary or sufficient to determine the aging phenotype at the individual/population level (Barzilai et al. 2012) .
Furthermore, it is worth noting that predictors of morbidity and mortality change with increasing age. Indeed, common risk factors for the adult and the elderly population, such as high levels of total cholesterol, LDL and triglycerides inverted their importance in longliving subjects. For example, increased amounts of total cholesterol (Melton et al. 2006; Iversen et al. 2009 ), as well as high levels of HDL cholesterol (Landi et al. 2008) , have been associated with better survival in the oldest old. In addition, the association in middle age between high cholesterol and an increased risk of latelife cognitive impairment (van Vliet et al. 2009; van Vliet 2012) , as well as the association reported in subjects up to age 75 between metabolic syndrome and accelerated cognitive decline (van den Berg et al. 2007) , are no more evident in old and nonagenarian subjects. Similarly, parameters reflecting cognitive, psychological and physical function, which gave a discrete measure of frailty in old subjects (65-85 years), lose their discriminatory capacity after 90 years of age (Passarino et al. 2007 ).
This scenario makes critically important to identify the characteristics of a healthy aging phenotype and to disentangle those mostly related to the ENVIRONMENT/LIFESTYLE versus those mostly related to the FAMILIARITY/GENETICS. The Integrated European Project "GEHA-GEnetics of Healthy Ageing" ) represents a suitable model and a unique opportunity to answer these questions as it has recruited across Europe a large cohort of 90+ subjects belonging to sib-ships characterised by familiar longevity. Here we present the results obtained on 1,160 Italian GEHA 90+ siblings, belonging to 552 Italian sib-ships characterised by familiar longevity, taking advantage of the fact that only in Italy the 90+ subjects have been recruited in three geographic areas/ administrative districts, i.e. Northern Italy/Emilia Romagna Region, Central Italy/City of Rome and Southern Italy/Calabria Region, quite different regarding history, culture, lifestyle, urban/rural and socioeconomical characteristics. In Italy, 90+ subjects represent a segment of the population whose health status and phenotype are still not fully characterised despite their recent consistent increase (200,000 in 1992 to 501,000 in 2011, www.istat.it/it/files/2011/06/italiaincifre2011.pdf). Thus, we will address the following specific issues: (1) to describe the comprehensive phenotype of the 90+ subjects; (2) to estimate their survival rate and to identify survival predictors. A particular attention will be paid to the environmental versus the familial/genetic component. On the one hand, by analysing survival in the three different Italian geographical areas we will indirectly evaluate the impact of urban/rural living as well as that of social environment on longevity. The three areas included in the study have, in fact, been characterised for decades by noticeable differences in culture and traditions. On the other hand, by studying siblings we will evaluate the role of genetics and familiarity in longevity. This combination will allow us to investigate the differences of the aging phenotype due to these lifestyle/ environmental dissimilarities (such as education and type of work), compared to familial/the genetic component that could be studied due to the fact that our sample is composed of siblings.
Materials and methods

Study population
This study has been performed within the framework of the EU Project GEHA whose major aim was to recruit sib-ships with at least two members alive, aged 90 years or older (90+). The oldest member of the sib-ship was defined as the "proband" ). The details of the design, recruitment and data management of the GEHA project were reported in a recent paper by Skytthe et al. (Skytthe et al. 2011) . Briefly, the lists of sib pairs with individuals aged 90 years or more were provided by the local Population Register Offices, then families were contacted by mail and telephone to explain them the aim of the GEHA project and the procedure for participation. If the eligible subjects agreed to participate, an appointment for a home visit was made to collect phenotypic data and a blood sample. Subjects from Northern Italy (80 % from Emilia Romagna Region) were recruited by the University of Bologna (hereafter called "Bologna"), subjects from Central Italy (City of Rome) by the Istituto Superiore di Sanità (hereafter called "Rome") and subjects from Southern Italy (Calabria Region) by the University of Calabria (hereafter called "Calabria"). All 90+ sib pairs who accepted to take part in the study were recruited, except for those who were unable to give informed consent, as established by the Ethics Steering Committee. The study population includes all the 90+ siblings that were interviewed and whose phenotype data were entered in the GEHA Phenotypic Database (localised in Odense, Denmark). Local Ethics Committees approval for the GEHA project was obtained by the three recruitment centres.
Data collection
Each nonagenarian was interviewed by a standardised questionnaire, covering socio-demographic information (present marital status, education, main occupation, living condition), activities of daily living (ADL scale), measures of sensory and physical functioning, cognitive capabilities, lifestyle (smoking and drinking habits), health and morbidity (present and past diseases, perceived health, prescribed medicines, hospitalisation/ weight loss within the last year), psychological wellbeing (attitude towards life), anthropometric measurements (height, weight) and physical tests (hand grip strength). In addition, a blood sample for common clinical haematological tests and DNA extraction was collected. Vital status for the total cohort was traced through the official local Population Registries.
Socio-demographic information The education level was quantified as years of schooling, the occupation was evaluated according to the International Standard Classification of Occupation (ISCO classification) and subjects were divided in "White Collars" (i.e. 1. Legislators, senior officials and managers; 2. Professionals; 3. Technicians and associate professionals; 4. Clerks; 5. Service workers and shop and market sales workers; 6. Military), "Blue Collars" (i.e. 1. Skilled agricultural and fishery workers; 2. Craft and related trades workers; 3. Plant and machine operators and assemblers; 4. Elementary occupations) and housekeepers. The marital status and the living condition (i.e. living at home or institutionalised living) were also registered.
Activities of daily living (ADL) Questions in this area covered the Katz Index of activities of daily living (ADL; Katz et al. 1970 )-bathing, dressing, toileting, transfer and feeding. In accordance with the recommendations in the literature (Fillenbaum 1996) , the five-item ADL scale was used to construct a three-level five-item ADL scale: "not disabled" was defined as independent in all items (ADL=5), "moderately disabled" as dependent in one or two items (ADL=3-4) and "severely disabled" as dependent in three or more items (ADL= 0-2) in accordance with the definitions given by Katz and co-authors (Katz et al. 1970) . These categories defined three sizable groups, which ranged from a group capable of doing the most basic activities independently to a group that was dependent in the majority of the five basic activities (Nybo et al. 2001a ). Extended and more complex activities, such as instrumental activities of daily living, were not measured.
Sensory and physical functioning Some functional limitations from the Nagi-scheme (Nagi 1976) were considered: reading newspaper without glasses; recognise someone 4 m away without glasses; hearing ability without aids; 500 m walking without aids; going up and down the stairs without anyone's help; doing any kind of exercise; going outside with or without anyone's help.
Cognitive capabilities Cognitive function was measured using the Standardised Mini-Mental State Examination (SMMSE) (Molloy et al. 1991) , a 30-point cognitive scale which evaluates several different areas of thinking including memory, judgment, calculation, abstraction, language and visual-spatial ability. SMMSE scores range from 0 (lowest cognitive function) to 30 (highest cognitive function). The categorisation proposed by Nybo was used to assess the cognitive status: "severe cognitive impairment" (0-17 points), "mild" (18-23 points) and "un-impairment" (24-30 points) (Nybo et al. 2003) . In case of a proxy interview (i.e. questionnaire administered to a care giver and not directly to the old subject) and of refusal to perform SMMSE test (7.5 % of subjects), results for SMMSE test were "not available". The members of the GEHA Consortium were aware of the limits of the SMMSE test, which is not validated for subjects over 90 years of age and it could be affected by education, nevertheless, they included this test in the questionnaire because it is part of most European studies on the elderly (such as AKEA, ECHA, Leiden Longevity Study, MALVA, MARK-AGE etc.), thus allowing the comparison of data from different projects.
Lifestyle Participants were classified as smokers, former smokers or never smokers. The cases of consumption of alcohol every day, but not the quantity of alcohol intake, were also recorded, by mean of the question "Do you drink alcohol every day?".
Health and morbidity A list of current (14 items, i.e. visual disturbances-glaucoma and macula retinaehearing impairment, neurological diseases-Parkinson's disease-heart diseases, hypertension, legs venous insufficiency/legs ulcers, cancer, chronic respiratory diseases, chronic renal failure, diabetes, arthritis, osteoporosis, dementia, other mental problems) and past (3 items, i.e. myocardial infarction, stroke/cerebral thrombosis/haemorrhage) diseases was shown to participants and they were asked whether a physician had ever told that they suffered from any of them. The number of current diseases was divided into three groups (0, 1-2 and >2). The name, the quantity and for which diseases the assumed medicines were prescribed were also recorded. Moreover, subjective health was assessed using the question: "How do you consider your health in general?" with five response categories (excellent, good, acceptable, poor and very poor); these data were "not available" in case of a proxy interview (7.3 % of subjects). Data on hospitalisation and weight loss within the last year were also recorded.
Psychological well-being Psychological well-being was assessed by the question "What is your attitude towards life?" with three response categories (optimistic, neither optimistic nor pessimistic, pessimistic); these data were "not available" in case of a proxy interview (7.3 % of subjects).
Anthropometric measurements Height was measured by interviewers using a common metre and weight was assessed using a common balance (SECA Mod. 761). Body mass index (BMI, Kg/m 2 ) was available for the 87.4 % of subjects (1,014 out of 1,160). For the statistical analysis of BMI, the participants were divided according to the median value for males (25 Kg/m Physical test Hand grip strength (Nybo et al. 2001b) was measured using a hand-held dynamometer (SMEDLYS' dynamometer, Scandidact, Kvistgaard, Denmark) for two performances with each hand. The best performance of these four was used for the analysis (Nybo et al. 2001a; Jeune et al. 2006) . For the analysis of hand grip strength, the participants were divided according to the median value for males (21.5 Kg) and females (14 Kg).
Haematochemical parameters Haemogram and selected clinical chemistry parameters (creatinine, glucose, ALT, total cholesterol, HDL cholesterol, LDL cholesterol and triglycerides) were measured respectively on fresh whole blood and serum immediately after the withdrawal. That was an additional activity performed by the Italian recruitment centres, not included on the GEHA standardised operating procedures. These parameters were missing in case of impossibility to collect enough blood sample from each participant, e.g. as a consequence of frail veins (missing data for 167 out of 1,160 nonagenarians, 14.4 %).
Vital status and survival predictors Vital status (i.e. being dead or still alive) for the total cohort was ascertained at January 1st 2011, through the official local Population Registry Office. The enrolment started in November 2004 and ended in April 2008, consequently the length of the follow-up ranged from approximately 6 years to 32 months. The evaluation of the effect that the single major cognitive, functional, clinical and haematochemical parameters had in relation to survival within the GEHA Italian 90+ siblings was performed to pave the way to the selection of the variables to be included in more complex Cox Regression models aiming to identify which parameters are strongly associated and co-vary with survival.
Statistical analysis
Cox regression model was used to estimate the survival predictors in nonagenarians. Hazard ratios (HRs) were first computed for all single baseline measurements, with adjustment for age at recruitment and family cluster. The measurements found associated were entered in multivariate Cox models: one model was based on the physiologic and clinical variables, one on the haematochemical variables (data not shown), and finally a model on all the variables found associated in the previous steps. The only continuous parameters that were dichotomised were BMI and hand grip strength.
As values used to discriminate the two groups we used the median, in order to divide the population without any a priori assumption in two homogeneous groups (50 % of subjects over the median and 50 % under the median, according to a neutral discriminating point). For all the other parameters, the real distributions were included in the analyses.
As the 90+ GEHA subjects were not singletons and purposely belonged to sib-ships characterised by familial longevity, we explored whether familiarity impacts on survival predictors. The familial aggregation of the survival predictors' outcomes was thus measured according to Liang and Beaty (1991) , using a regression model which incorporates effects of individual covariates. The odds ratios (ORs) or the β coefficients of specific survival predictors' outcomes estimated within sib-ships (the proband and his/her sib) were then compared with the same measures estimated within unrelated duos (the proband and a subject belonging to another sib-ship, matched to the real proband's sib for gender, year and place of birth and recruitment centre). In families with more than two nonagenarians, the probands were compared only to their second sibs according to birth order. Logistic regressions were run for categorical predictors and linear regressions for continuous ones. ORs or β coefficients with 95 % confidence intervals were calculated adjusted for proband gender and age at the interview. All the analysis were performed using Stata version 9.0 (Stata Corp., College Station, TX).
Results
Main characteristics of the GEHA Italian 90+ siblings A total of 1,160 Italian nonagenarians (age range 90-106 years) belonging to 552 sib-ships were recruited in three Italian geographic areas/administrative districts, i.e. Northern Italy/Emilia Romagna Region ("Bologna"), Central Italy/City of Rome ("Rome") and Southern Italy/Calabria Region ("Calabria"), as reported in Table 1 .
As shown in Table 2 there were some substantial differences among the three recruiting centres with the highest proportion of married subjects in Calabria, the highest level of education in Rome, the highest proportion of "blue collars" in Bologna and Calabria, the highest percentage of "not disabled" subjects in Rome, the lowest level of sensory and physical functioning in Remarkably, the most important haematochemical parameters of 90+ Italian siblings fell within the standard ranges valid for the healthy adult population (Table 3) .
Survival predictors and familiarity of survival predictors
The vital status of GEHA 90+ Italian siblings, updated at January 1st 2011, showed that 718 out of 1,160 (61.9 %) subjects died during the follow-up. Vital status and HRs estimated by Cox regression models are shown in Table 4 by recruitment centre and main phenotypic variables, and in Table 5 by haematochemical parameters.
The highest proportion of deaths was in Calabria (68.4 %), followed by Bologna (59.9 %) and Rome (54.6 %), and mortality was higher in males than in females (66.9 versus 59.5 %) and in proxy interviewed subjects. As expected, mortality progressively increased with increasing age at recruitment, but it was not associated with marital status, education, type of occupation, smoking and daily alcohol consumption. The ageadjusted probability of survival increased in subjects with the following characteristics: better physical and functional ability, cognitive integrity, good self-reported health, optimistic attitude towards life, absence of current diseases, absence of medical history of myocardial infarction, stroke, cerebral thrombosis/haemorrhage, absence of hospitalisation and weight loss within the previous year, BMI and hand grip strength over the median.
As regards haematochemical parameters, survival probability increased with high levels of haemoglobin, total cholesterol, HDL and LDL and with low levels of leukocytes, neutrophil granulocytes, platelets, creatinine and glucose. Table 6 reports the adjusted HRs for age estimated by the multivariate Cox regression model. Firstly, the areastratified survival analysis pointed out a sort of geographical micro-heterogeneity of the predictors of longevity. Indeed, in Calabria, the fact of being not physically disabled, having hand grip strength over the median, high levels of haemoglobin and total cholesterol were associated with an increased survival probability of 90+ siblings; in Rome, being a female, having intact cognitive capabilities, BMI over the median and low levels of creatinine; in Bologna, having BMI over the median and self-reporting an excellent/good health status (at limit of significance).
However, in the multivariate survival analysis on the total population the area of recruitment was not significantly associated with mortality. The final set of variables associated with a decrease in mortality were being female, not physically disabled and cognitively intact, self-reporting an "excellent/good" health status, having BMI and hand grip strength over the median of the study population, high levels of haemoglobin and total cholesterol and low levels of creatinine. Survival of the GEHA Italian 90+ siblings according to the main predictors of longevity is represented in Fig. 1 . Finally, the gender-stratified survival analysis highlighted that in males the survival advantage mainly depends on having BMI and hand grip strength over the median and high levels of haemoglobin, while in females on being physically not disabled and having low levels of creatinine (data not shown).
As shown in Table 7 , we investigated whether survival predictors' outcomes were aggregated within sibships (the proband and his/her sib) and within shuffled/ unrelated duos (proband and a subject belonging to another family). The results indicated that the significant association (p<0.05) found in sib-ships as regards ADL (OR=1.56), self-reported health (OR=1.07), hand grip strength (OR=2.98), haemoglobin (β coeff.=0.19), creatinine (β coeff.=0.14) and total cholesterol (β coeff.=0.17) was not confirmed in unrelated duos. As regards SMMSE Hand grip (Kg)
Males: mean (SD) 24.0 (7.1) 22.8 (7.1) 19.5 (7.7) 22.0 (7.6) <0.001
Females: mean (SD) 14.4 (5.7) 14.4 (5.6) 11.6 (4.6) 13.5 (5.5) <0.001 a These variables, highly influenced by gender, were analysed separately in males and females (both sibs cognitively intact, SMMSE ≥24), the association was maintained in unrelated duos, but decreased from 2.52 to 1.48. It is interesting to note that BMI showed no association in both sib-ships and unrelated pairs.
Discussion
The data about the vital status of the large cohort of GEHA 90+ Italian siblings after 6 years from recruitment allowed us to detect the PREDICTORS OF LONGEVITY, i.e. those factors (among socio-demographic, physiological, clinical and haematochemical parameters) that are able to predict survival in the oldest old. On the whole, the survival analysis on the total Italian 90+ population demonstrated the longevity advantage of females, and it confirmed that factors often found to predict mortality in middle-aged and younger elderly, such as marital status, low education, blue collar type of occupation, smoking and every day alcohol intake, lost their importance at advanced ages, since they did not influence mortality (Nybo et al. 2003) . Moreover, it confirmed the predictive power of good physical ability (self-sufficiency for the basic ADL items), intact cognitive functioning (SMMSE test), positive self-rated health, absence of past myocardial infarction, BMI and hand grip strength over the median for future survival. Therefore, given this increasing importance of the functional status as a predictor of survival, it is worth noting that, at an even more exceptional old age (after age 100), survival is mainly dependent on physiological reserve, physical and cognitive functions, as found in a study on Swedish centenarians (Hagberg and Samuelsson 2008) . In spite previous studies showed that poor self-rated health was associated with increased mortality only in women (Nybo et al. 2003) , our results indicated that "excellent/good" self-reported health might be considered as one of the factors predicting survival in the oldest old, as found in more recent studies on old subjects from Calabria (Montesanto et al. 2010 ) and from Denmark (Dato et al. 2012) . These data suggest the effectiveness of self-reported health, very simple to collect, as a surrogate measure of comorbidity and disability (Passarino et al. 2007 ). Interestingly, it also came out that, after 90 years of age, the probability of death decreased with BMI value higher than the median of our population, confirming what has been reported in a Danish population (Thinggaard et al. 2010 ). This result may be correlated with the complex and still largely unexplored metabolic remodelling which occur in the oldest old. As centenarians' offspring showed particular features regarding the age-related metabolic abnormalities and the adipokines/metabolic mediators levels in comparison to the offspring of non-long-lived parents (Ostan et al. 2013) , it can be predicted that the oldest old metabolism displays specific characteristics, not comparable with those of younger subjects.
Overall, our data and those of the literature suggest that in long-living subjects (nonagenarians and centenarians) "healthy ageing" could be better defined by their functional capabilities, i.e. a condition where good physical and cognitive abilities and autonomy in the daily life are maintained. This result has been further investigated in order to reach an agreement on a sound methodology to classify health status in the oldest old ).
In addition, the impact of haematochemical parameters on survival was investigated since it was emerging that the predictors of morbidity and mortality change with increasing age. Indeed, common risk factors for the adult and the elderly population, such as high levels of total cholesterol, LDL and triglycerides, inverted their importance in long-living subjects (Melton et al. 2006; Iversen et al. 2009 ). In our study, the results showed that high levels of haemoglobin and total cholesterol, as well as low levels of creatinine gave a survival advantage. The contribution of haemoglobin level to mortality was reported also in other studies, demonstrating an increased mortality due to anaemia both in nonagenarians without and with familial longevity, such as GEHA 90+ siblings (Willems et al. 2008) . Actually, high levels of haemoglobin and total cholesterol together with low levels of creatinine were associated with survival also when they were analysed in a more complex model including physiological and clinical variables to define the predictors of survival. These data suggest that haematochemical parameters continue to be associated with survival also after 90 years of age, even if sometimes with a different sign from the common risk factors for adults. To clarify better this issue it would be now important to deepen the metabolic pathways that are hidden behind haemoglobin, total cholesterol and creatinine since these parameters are probably the key ones. Remarkably, the model of 90+ siblings from the three different areas allowed us to appreciate fine differences within the Italian population due to a geographical micro-heterogeneity regarding the major socioeconomics, demographic, historical, cultural and genetics variables. For example, the geographic area and the related environment seemed to affect consistently the gender composition of the sample, with a larger number of nonagenarian males found in Calabria than in Bologna and Rome as reported in many other previous studies on the elderly (Passarino et al. 2002; Montesanto et al. 2008) . Moreover, the urban socio-cultural contest concurred to favour the smoking habit, since the highest proportion of smokers and former smokers recorded in 90+ siblings from Rome, but not the daily alcohol consumption, equally distributed all over Italy. The different socio-cultural contest to which the 90+ subjects have been lifelong exposed to affected also their selfreported health, since the higher proportions of subjects considering their health as "Excellent" or "Good" were found in Northern and Central Italy, suggesting that not perceiving themselves in a state of decline might contribute to attain longevity, in accordance with Selim and co-authors (2005) . In addition, the north-south gradient regarding both BMI values and hand grip strength, with substantially lower values in Calabria, confirm and extend the geographical differences in hand grip strength values previously found in nonagenarians and centenarians from Southern Denmark, France and Calabria (Jeune et al. 2006) . These area-dependent characteristics of 90+ subjects phenotype were reflected on the survival predictors, slightly different in the three Italian recruiting centres. Indeed, the functional (ADL scale) and the physical status (hand grip strength) were more important for survival in Calabria than in Rome and Bologna, where BMI over the median was advantageous for survival, together with, only in Rome, preserved cognitive capabilities, being female and low creatinine levels. Therefore, on the basis of these findings, the aging of Italian 90+ siblings, as well as the survival predictors, are modelled and affected by a complex series of factors that comprehensively constitute what we called "ENVIRONMENT".
Considering that the peculiarity of the GEHA population resides in the presence of 90+ siblings and not simply of nonagenarian singletons, this study sample constitutes the election model for the identification of the parameters which are associated among long-lived siblings. Siblings share 50 % of the genome, they share mtDNA inherited by their mother and they have also shared the early events in life, thus it would be of great interest to find out the associated survival predictors which are supposed to have an important FAMILIAL component. We are aware that this issue is at the same time complex, intriguing and informative since it could be preliminary for geneticists and it could lead the future genetics analysis. Our findings indicated that cognitive and functional parameters (SMMSE, ADL scale and hand grip strength), self-reported health and clinical parameters (haemoglobin, creatinine and total cholesterol) are associated in 90+ sib-ships. This analysis suggests that the GEHA familial/genetics model of healthy aging allowed us to observe that the cognitive and physical abilities, together with the above mentioned haematochemical parameters appear to be influenced by familiarity/genetics, which has been recently demonstrated to play a role in the longevity of the sib-ships we analysed (Beekman et al. 2013 ). Remarkably, also the self-reported health resulted to be associated in 90+ siblings, showing that well-being runs along families. This would suggest to investigate further whether a positive self-reported health hides biological mechanisms (e.g. hormone and cytokines release) which contribute to a real good health status, by analogy to what conversely found in a recent study on adult Japanese where a poor self-reported health seemed to be associated with reduced humoral immune system capacity to respond to new/latent challenges (Nakata et al. 2010 ).
Conclusions and future perspectives
The Italian 90+ siblings are relatively in good health. This seems to be the result of a complex interaction between environmental and familial/genetics components. The subjects surviving after 90 years of age are likely the result of a complex selection process based on a successful combination of parameters which appear to be different from those of younger age. In particular, the GEHA familial/genetics model of healthy aging in Italian 90+ sib-ships from different geographic regions/administrative areas allowed us to identify parameters (absence of cognitive impairment and physical disability, high hand grip strength scores and BMI values, "excellent/good" self-reported health, high haemoglobin and total cholesterol levels and low creatinine levels) which appear to predict survival. These parameters, excluding BMI values, were also significantly associated within sib-ships, suggesting a strong On the whole, this study, in accordance with the main objectives of the whole GEHA project, represents one of the first attempts to identify the biological and not biological predictors of healthy aging and longevity and contributes to the debate on the role of environmental and genetics factors in determining the phenotype of the oldest old. Here, the analysis was performed on the GEHA Italian 90+ siblings and zoomed on Southern Europe, disentangling the micro-heterogeneity within the three examined Italian areas. It can be considered the first of other similar investigations, on the assumption that analogous micro-heterogeneity is present in the 90+ populations recruited in the other geographic areas which contributed to the GEHA project. Indeed, the results of the genome-wide linkage analysis suggest that the Northern and Southern Europe populations contributed differently to the identification of the four chromosomal regions associated with longevity (Beekman et al. 2013) . Thus, the present study can help in interpreting the genetic results obtained by the GEHA project whose major aim is the comprehensive evaluation of phenotypic and genetic data.
